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Abstract

Background The practicality of implementing digital cognitive screening tests in primary health care (PHC) for the
detection of cognitive impairments, particularly among populations with lower education levels, remains unclear. The
aim of this study is to assess the validity and usability of digital cognitive screening tests in PHC settings.

Methods We utilized a randomized crossover design, whereby 47 community-dwelling participants aged 65 and
above were randomized into two groups. One group completed the paper-based Mini-Mental State Examination
(MMSE) and Clock Drawing Test (CDT) first, followed by the tablet-based digital version after a two-week washout
period, while the other group did the reverse. Validity was assessed by Spearman correlation, linear mixed-effects
models, sensitivity specificity, and area under the curve (AUC). Usability was assessed through the Usefulness,
Satisfaction, and Ease of Use (USE) questionnaire, participant preferences and assessment duration. Regression
analyses were conducted to explore the impact of usability on digital test scores, controlling for cognitive level,
education, age, and gender.

Results Regarding validity, digital tests showed moderate correlations with paper-based versions and superior AUC
performance. The AUC was 0.65 for the MMSE versus 0.82 for the electronic MMSE (eMMSE), and 0.45 for the CDT
compared to 0.65 for the electronic CDT (eCDT). Regarding usability, while older participants gave positive feedback
on digital tests (P<0.001), they preferred paper-based versions. The eMMSE took significantly longer to complete
than the MMSE, averaging 7.11 min versus 6.21 min (P=0.01). Notably, digital test scores were minimally affected by
subjective attitudes but strongly linked to test duration (8=-0.62, 95% Cl--1.07 to -0.17).

Conclusions Digital cognitive tests are valid and feasible in PHC settings but face implementation challenges,
especially in usability and adaptability among individuals with lower education levels.
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Background

Chinese dementia patients account for quarter of the
global total, with annual medical and care costs reach-
ing 1.06 trillion yuan, which is 1.3 times the global aver-
age [1]. With no cost-effective drugs for dementia, early
screening and intervention for mild cognitive impair-
ment (MCI), the transitional stage between normal
cognition and dementia, are crucial for prevention and
treatment [2]. China recently piloted primary healthcare
(PHC)-based dementia screening for older adults aged 65
years and above in several cities, while the rate of missed
diagnoses remains high, with less than 10% of dementia
cases detected during screening [3].

The lower detection rate may result from lack of easy-
to-implement screening tools among other reasons. The
current widely-used Mini-Mental State Examination
(MMSE) requires professional training for the exam-
iner [3]. The manual scoring, recording, and analysis are
cumbersome and subject to examiner bias, consuming
significant time and human resources [3]. On the other
hand, standardized and scalable digital screening tools
may be better suited for early MCI screening in PHC [4].
Standardized procedures and automated scoring systems
reduce reliance on professionals and simplify data man-
agement [5], thereby may enhance screening accuracy
and efficiency.

Digital cognitive screening tests hold great promise
as tools in PHC settings, but their effectiveness remains
insufficiently addressed. A recent systematic review
revealed that most validation studies on digital cognitive
tests are concentrated in Western countries (13/20), with
limited evidence from China [6]. Only a few studies have
explored the development and application of digital cog-
nitive tests in China, including efforts in Hong Kong to
develop new digital cognitive tests [7, 8] and in mainland
China to digitize the Beijing version of the MoCA [9].
However, the validity results of these studies show nota-
ble variation. The correlation between digital and tradi-
tional paper-based tests ranges from 0.67 to 0.93, while
the AUC for distinguishing MCI from cognitively normal
individuals ranges from 0.78 to 0.97 [7-9]. This variation
may be attributed to differences in the educational lev-
els of study populations. For instance, the digital MoCA
demonstrated the highest correlation (0.93) [9] in popu-
lations with an average of 15 years of education, whereas
study with 46.9% of participants having six or fewer years
of education reported a lower correlation (0.71) [8].
These findings suggest that while preliminary evidence
supports the potential of digital cognitive tests, further
research is needed to validate their practicality across
populations with varying educational backgrounds.
Given that the MMSE and CDT scales are less influenced
by educational attainment [10, 11] and are widely used in
community screening in China [12], adapting them into
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digital formats and validating their effectiveness could
significantly enhance the practicality of digital cognitive
tests.

Moreover, unlike paper-based tests, digital cognitive
screening tests as software programs, yet existing stud-
ies often overlook the impact of usability on their overall
effectiveness. A recent systematic review found that only
two studies employed usability questionnaires [13, 14]
to confirm the usability of digital cognitive tests. Given
that digital tests may be influenced by digital literacy
and technological adaptability, and that digital literacy is
generally lower among older adults with low educational
levels. Wallace. S [15] demonstrated that greater experi-
ence with touchscreen devices, such as smartphones and
tablets, was associated with higher scores on the elec-
tronic MoCA. Currently, only one study by Lunardini. F
[14] evaluated dimensions such as intention to use, per-
ceived usefulness, ease of learning, and actual use among
83 older adults, finding high technological adaptability.
However, this study was descriptive in nature and did
not assess the impact of these dimensions on the per-
formance of digital cognitive tests. Notably, the study
populations were primarily composed of highly educated
individuals from Western countries, limiting the general-
izability of the findings to Asian populations. Therefore, it
is essential to evaluate the system usability of digital cog-
nitive tests among Chinese populations and its impact on
test performance.

Our study aims to evaluate the validity of digitally
adapted cognitive screening tests in PHC settings and
their usability across different education levels, as well as
to explore the impact of usability on the performance of
digital cognitive screening tests. First-hand evidence will
be provided for the practical application of digital screen-
ing tests in PHC settings.

Methods

Study design

The study was conducted in a PHC covering both urban
and rural areas in Guangzhou, China, from November
2023 to January 2024. A randomized cross-over design
was adopted (Fig. 1). Eligible participants were randomly
assigned to one of two groups at 1:1 ratio: one group
completed the paper-based cognitive assessment first,
followed by the digital version after a two-week wash-
out period, while the other group did the reverse. Par-
ticipants with a positive result on either MMSE test and
a randomly selected 10% sample of those tested negative,
were verified by professional geriatric neurologists as
normal, MCI, or dementia according to the International
Classification of Diseases, 11th Revision (ICD-11) [16]
and Peterson’s criteria [17]. Ethic consents were obtained
from the Biomedical Research Ethics Committee of the
School of Public Health, Sun Yat-sen University, China
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(ethics approval number: 2023 — 129). This study was con-
ducted in accordance with the ethical standards set forth
in the 1964 Declaration of Helsinki and its subsequent
amendments. All subjects provided written informed
consent voluntarily.

Study participants

Participants aged 65 years and over, were recruited
through chronic disease management programs and
health service announcements via posters, WeChat mes-
sages, and phone invitations. Eligibility criteria were (1)
residents in the area (residing for over 6 months), (2)
capable to read enlarged printed text, see a screen, and
(3) consent to participate. Exclusion criteria were partici-
pants with (1) other neurological or psychiatric disorders
affecting cognition, (2) significant sensory impairments,
and (3) were taking medication that may affect cognitive
function, such as anticholinergic drugs.

Sample size

Sample size was calculated according to the correlation
between the digital version and the paper version, spe-
cifically between the eMMSE and paper-based MMSE,
and between the eCDT and paper-based CDT. Previous
validation studies on digital adaptations of these tools
such as the MoCA and the Self-Administered Gerocog-
nitive Examination (SAGE) have reported correlation
coefficients ranging from 0.68 to 0.93 [9, 15, 18]. Based
on these findings, we conservatively assumed a mod-
erate correlation coefficient (p=0.6), with a two-sided
alpha of 0.05 and statistical power of 0.90. Using PASS
2021 software, we estimated that a minimum of 38 par-
ticipants would be required to detect this correlation,
after accounting for an anticipated 20% dropout rate. To
further ensure data robustness, we conservatively set a
higher recruitment target of 60 participants. Ultimately,
47 participants completed both the e-version and paper
version of the assessments, yielding a follow-up rate of
78.3%.

Randomization

After enrollment, participants were matched based on
age, gender, and educational level, and then randomly
assigned in a 1:1 ratio to receive either the digital-first or
paper-based-first version of the cognitive assessments.
Randomization sequences were generated using R soft-
ware (version 4.2.2).

Paper-based and digital cognitive tests

MMSE

The paper-based MMSE includes 30 individual tests
covering five main dimensions: orientation, registra-
tion, attention and calculation, recall, and language
[19]. Scores below 27 for participants with >6 years of
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education, 23 for those with 1 to 5 years, and 20 for illiter-
ate individuals [20] are considered positive for screening.

coT

The CDT is a command-directed clock drawing test used
to assess executive functions [21]. In the paper-based
version, participants are instructed to “draw a clock face,
including numbers and hands, setting the hands to 11:10,
so that a child can understand it” The total score is 15,
with a cut-off value of 10 points [22].

eMMSE and eCDT

The electronic versions of the MMSE (eMMSE) and the
CDT (eCDT) were administered on tablet devices, with
the same questions and rating criteria as their paper-
based versions. All test instructions were presented
to participants through pre-recorded standardized
audio prompts. For most verbal response items, par-
ticipants answered orally, while PHC healthcare provid-
ers recorded and scored the responses in real time on a
separate synchronized tablet according to standard cri-
teria. For drawing tasks involving executive function and
visuospatial skills, such as clock drawing in the eCDT
and the figure-copying task in the eMMSE, participants
used their fingers to draw directly on the tablet screen.
The system itself did not feature automated scoring.

Outcome measures

Validity

Our study mainly examined the criterion validity of the
digital cognitive tests, which was evaluated by comparing
their total and single-dimension scores with the paper-
based versions in terms of correlation and differences.
Additionally, we compared their sensitivity, specificity,
Youden’s index and the area under the curve (AUC) using
neurologist-verified results as the gold standard.

Usability

The Usefulness, Satisfaction, and Ease of Use (USE)
questionnaire [23] was administered after completion
of the digital tests in order to assess participants’ atti-
tudes towards the usability. This questionnaire contains
30 items on a 7-point Likert scale from strongly dis-
agree (1) to strongly agree (7), which measures across
four dimensions: usefulness, ease of use, ease of learn-
ing and satisfaction. Participants’ preferences were also
recorded (1 =paper-based; 2 =digital; 3 =unsure/no pref-
erence), with open-ended question collecting their evalu-
ations of both versions, and their suggestions for future
improvements.

Further, we recorded the time each participant took to
complete both versions of the cognitive tests. Times were
recorded manually for the paper versions, and automati-
cally for the digital versions. It should be noted that we
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Table 1 Demographic characteristics and cognitive scores of
study participants (n=47)
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Table 2 Correlation and differences between paper-based and
digital cognitive tests

Variable
Agein years 72.65+6.09
Education level
Primary (<6 years) 19.14%
Middle (7-12 years) 40.43%
High (>12 years) 40.43%
Sex (Female) 68.09%
Total MMSE score 26.72+3.00
Orientation 945+1.08
Registration 2.83£0.38
Attention and calculation 4.02+1.15
Recall 251+086
Language 7.89+£1.09
Total eMMSE score 2587+329
Orientation 949+1.08
Registration 2.53+£091
Attention and calculation 4.06+1.28
Recall 204+1.04
Language 7.72+1.21
Total CDT score (n=43) 10.79+3.78
Total eCDT score (n=43) 10.78+3.08

Notes: Values are shown as Mean+SD (range) or %. MMSE, Mini-Mental State
Examination; CDT, Clock Drawing Test; eMMSE, electronic versions of the Mini-
Mental State Examination; eCDT, electronic versions of Clock Drawing Test; SD,
Standard Deviation

did not account for the time required to input paper-
based data into the electronic record system.

Statistical analyses

Spearman correlation coefficients assessed the correla-
tion between the paper-based and digital versions. Linear
mixed-effects models were used to estimate the scores
of the tools, incorporating fixed effects to test for differ-
ences between the paper-based and digital versions, and
random effects for participants to account for repeated
measures and individual variability. Sensitivity, specific-
ity, Youden’s index and AUC were obtained.

One-sample Wilcoxon signed rank test was used to
compare the scores of USE question with the value 4 (the
median of the Likert scale), and paired t-test for compar-
ing the time taken to complete the tools in paper-based
and digital versions. Preferences were described by
component ratios (%) and open-ended questions were
summarized in excel to explain the reasons for the prefer-
ences. ANOVA or chi-square tests were used to compare
differences in usability across education levels.

Regression analyses were performed to control for the
effects of demographic variables and usability on digital
cognitive tests scores. Interaction terms (e.g., education
level * duration and education level * USE) were included
to examine potential moderating effects but were found
to be non-significant. For simplicity, the final model

Variable (paper vs. digital) Correlation Differences

Coefficient P Estimate P
Total MMSE score (n=47) 0.59 <0.001 -0.79 0.02
Orientation 0.49 <0.01 0.05 0.76
Time-orientation 037 0.01 0.094 0.39
Space-orientation 0.37 0.01 -0.044 0.70
Registration -0.05 0.72 -0.29 0.05
Attention and calculation  0.56 <0.001 005 0.77
Recall 0.15 0.31 -0.41 0.02
Language 0.28 0.06 -0.18 040
Naming / / -0.04 0.16
Repetition 0.00 0.98 -0.04 0.62
Comprehension -0.08 0.59 0.09 0.14
Following commands ~ -0.03 0.85 -0.08 0.60
Visuospatial skill 0.17 0.26 -0.11 0.18
CDT (n=43) 0.62 <0.001 0.06 0.89

Notes: MMSE, Mini-Mental State Examination; CDT, Clock Drawing Test; SD,
Standard Deviation. Correlations were assessed by Spearman’s correlation and
differences were analyzed by linear mixed effects

did not include these interaction terms. Robust regres-
sion procedures were used in order to accommodate the
skewed distribution of scores and to reduce the weight of
any extreme outliers.

All statistical analyses were conducted using R (version
2023), with P-values less than or equal to 0.05 were con-
sidered statistically-significant.

Results

The demographic characteristics and cognitive scores are
displayed in Table 1. Nearly half of the participants were
over 70 years old, with a male-to-female ratio of 1:1.5,
and a middle-level education or higher. The mean total
MMSE score was 26.72 +3.00, while the eMMSE score
was 25.87 +£3.29. The CDT and eCDT scores were averag-
ing around 10.79 and 10.78, respectively.

Validity of digital cognitive tests

The Spearman correlation between MMSE and eMMSE
total scores was 0.59 (P<0.001) (Table 2). The linear
mixed-effect model indicated that the global MMSE
score was 0.79 points higher than the total eMMSE score
(95% CI=0.14 to 1.43, P=0.02). The correlation between
CDT and eCDT scores was 0.62 (P<0.001). There were
no statistically significant differences in the total scores
(P=0.89). The sensitivity of the MMSE was 0.55, com-
pared to 0.91 for the eMMSE, while the specificity was
0.75 for both versions. The AUC was 0.65 (95% CI=0.42
to 0.88) for the MMSE and 0.82 (95% CI=0.69 to 0.94)
for the eMMSE. For the CDT, the AUC was 0.45 (95%
CI=0.24 to 0.67) compared to 0.65 (95% CI=0.44 to
0.85) for the eCDT (Table 3).
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Table 3 Sensitivity and specificity of paper-based and digital
cognitive tests

Sensitivity Specificity Youden'sindex = AUC

MMSE (n=47)
Paper 0.55 0.75 0.30 0.65
Digital 091 0.75 0.66 0.82
CDT (n=43)
Paper 0.64 047 0.1 045
Digital 045 0.50 -0.05 0.65

Notes: AUC, Area under the curve; MMSE, Mini-Mental State Examination; CDT,
Clock Drawing Test; SD, Standard Deviation

Usability of digital cognitive tests

Of the 41 participants who completed the USE ques-
tionnaire, the digital tests received positive feedback on
usefulness, ease of use, ease of learning, and satisfaction,
with scores significantly higher than the median score
(P<0.001) (Table 4). Participants with lower education
levels found it more difficult to learn how to use the tool
(P<0.001), and their overall USE mean score was lower
(P=0.07). However, half (55.26%) preferred the paper
tools and only 23.68% preferred the digital tools.

The MMSE assessment took 6.21+1.59 min for the
paper-based version, significantly shorter than the
7.11+2.64 min for the digital version (P=0.01). Partici-
pants with lower education levels took longer to com-
plete the assessments. No significant difference was
found between the two versions of the CDT (Table 4).

Regression analysis of digital cognitive test scores
The regression analysis revealed that participants’ sub-

jective attitudes of the digital test, including usefulness,

Table 4 Usability of digital cognitive tests
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ease of use, ease of learning, satisfaction, and preference,
did not significantly impact the test scores (Table 5). In
contrast, objective measures such as performance on the
paper-based version (5=0.40, 95%CI=0.07 to 0.73) and
duration (8=-0.62, 95%CI=-1.07 to -0.17) were found
to have a statistically significant effect on the digital test
scores (Table 5).

Discussion

This study utilized a randomized crossover design to
examine the validity and usability of digital against paper-
based cognitive tests in PHC settings. The findings dem-
onstrated that, in terms of validity, eMMSE and eCDT
showed moderate correlations with their paper-based
counterparts, with digital cognitive tests achieving bet-
ter AUC performance. Score discrepancies between
digital and paper-based tests were primarily observed in
the memory domain. Regarding usability, although older
users provided positive feedback on digital tests, they still
expressed a preference for paper-based tests, and digi-
tal tests required longer durations. Notably, older adults
with lower education levels demonstrated weaker tech-
nological adaptability. Additionally, we found that digital
cognitive tests scores were minimally influenced by users’
subjective attitudes but were significantly associated with
the objective factor of test duration.

Our study provides evidence supporting the validity
of digital cognitive tests for screening in PHC settings.
Both the eMMSE and the eCDT were moderately cor-
related with the paper versions suggesting that they have
the potential to maintain screening power comparable

Variables All sample Education level
Primary Middle High P
The USE questionnaire (n=41)
Usefulness 6.13+0.85%** @ 591+1.37 6.33+0.56 6.01+0.84 042
Ease of use 579+ 1.09%** 2 521+£161 6.22+0.70 56+1.06 0.07
Ease of learning 549+ 1.62%%* @ 3.86+1.85 6.35+0.89 531159 0.001
Satisfaction 6.03+£0.96%** ¢ 5.59+1.50 6.27+0.51 597+1.03 0.28
Total average score 5.90+0.93%* 2 530+1.46 6.28+0.50 5.76+0.93 0.04
Preference choice (n=38)
Paper 21 (55.26) 3(60.00) 8 (50.00) 10(58.82) 046
Digital 9 (23.68) 1(20.00) 6 (37.50) 2(11.77)
No preference 8(21.05) 1(20.00) 2 (12.50) 5(2941)
Duration (n=47)
MMSE 6.21+1.59 7.89+£1.54 5.84+1.07 579+1.58 0.001
eMMSE 7.014264% 0 9.22+356 7424241%%0 579+147 0.003
coT 438+257 533+2.69 2.89+2.11 5424232 0.003
eCDT 457+2.71 533+2.96 3.68+1.83 511+£3.18 0.18

Notes: Values are shown as Mean £ SD or n (%). USE, Usefulness, Satisfaction, and Ease of Use; MMSE, Mini-Mental State Examination; CDT, Clock Drawing Test; eMMSE,
electronic versions of the Mini-Mental State Examination; eCDT, electronic versions of Clock Drawing Test; MCI, Mild cognitive impairment; NC, Normal cognition

2 The one-sample Wilcoxon signed rank test compared the mean scores of the USE to the median of the Likert scale 4

b paired t-tests were used to compare the duration of the paper and electronic cognitive tests

**P<0.01, ***P<0.001



Wu et al. Journal of NeuroEngineering and Rehabilitation (2025) 22:132 Page 7 of 9
Table 5 Regression model for eMMSE and eCDT
eMMSE eCDT
Coefficient 95% ClI Coefficient 95% ClI

Age 0.02 (-0.12,0.17) 0.10 (-0.18,0.38)
Sex 1.38 (-0.19, 2.94) 146 (-047,3.39)
Education level

Primary Ref.

Middle 1.24 (-1.52,4.00) 0.18 (-2.73,3.08)

High 146 (-1.25,4.17) 1.39 (-0.53,3.31)
Paper version score 040 (0.07,0.73) 0.71 (0.45,0.97)
The USE questionnaire

Usefulness -0.55 (-1.70,0.60) -0.88 (-1.98,0.22)

Ease of use -0.69 (-2.13,0.74) 0.30 (-0.98, 1.59)

Ease of learning 0.11 (-0.71,0.93) 048 (-0.36, 1.33)

Satisfaction 0.92 (-0.49,2.34) -0.01 (-1.42,1.41)
Preferences

Paper Ref.

Electronic 0.98 (-1.39,3.36) -1.11 (-3.26, 1.03)

No preference -0.06 (-2.19,2.07) -1.57 (-4.60, 1.45)
Duration -0.62 (-1.07,-0.17) 0.27 (-0.34,0.87)

Notes: USE, Usefulness, Satisfaction, and Ease of Use; eMMSE, electronic versions of the Mini-Mental State Examination; eCDT, electronic versions of Clock Drawing
Test. Interaction terms for education level*duration and education level * USE were tested and found to be non-significant

to paper-based cognitive tests, in line with prior find-
ings for eMoCA [9, 15]. Our study also showed that
the eMMSE demonstrates higher sensitivity to distin-
guish between normal individuals and those with MCI
compared to the MMSE. Further analysis by domain of
MMSE indicates that this difference is mainly attributed
by memory domain, namely the immediate recall and
delayed recall tasks. Similar findings had been reported
previously regarding SLUMS [24] and MoCA [15]. As
these tasks were pre-recorded and automatically broad-
casted during the digital cognitive tests, it may incur
extra cognitive load on older adults as they need to pay
attention to these monotonous records without personal
interaction [15, 24]. Particularly in settings where exter-
nal distraction exists, older adults are easily lost to follow
the tests. Additionally, older adults may find it challeng-
ing to understand synthetic speech outputs from digital
devices, which can be exacerbated by age-related changes
in hearing [15]. This extra cognitive efforts in memory
domain due to its implementation features, may thus be
more sensitive to distinguish cognitive normal versus
MCI participants.

This study indicates that digital cognitive testing holds
great potential for practical application in PHC settings,
but achieving this goal requires overcoming challenges
related to user preferences and technological adaptabil-
ity. Overall, although older adults have a positive attitude
towards the functionality and operability of digital tests,
believing they met their needs and expectations, many
still preferred paper-based tests in practice. This high-
lights a disconnect between their subjective perceptions
and actual preferences. Open-ended responses further

supported this observation, revealing a common sense
of unfamiliarity with digital devices and their interfaces
among older users. These challenges were particularly
pronounced in older adults with lower educational levels.
They faced greater difficulties in adapting to digital test-
ing technology, as evidenced by their subjective percep-
tion that digital tests were harder to learn and their more
negative attitudes toward system usability. These findings
are consistent with recent studies [14, 25, 26]. Addition-
ally, we observed that older adults with lower educational
levels were objectively more likely to take longer to com-
plete the tests, primarily due to unfamiliarity with digital
devices and a lack of confidence [27]. These results fur-
ther highlight the significant challenges this population
faces in terms of technological adaptability.

Although older participants had varying subjective
attitudes and preferences toward the digital test format,
these subjective factors did not have a significant impact
on their performance. This finding is consistent with pre-
vious research on the eMoCA [15], which also found no
correlation between user preferences and test scores.
Furthermore, our study revealed that objective measures,
such as test duration, serve as more sensitive indicators,
better reflecting the practical challenges older adults face
when performing digital tests. After controlling for cog-
nitive level, education, age, sex, USE and preference, we
observed that longer eMMSE durations were associated
with lower scores. This suggests that other factors such
as adaptability to digital devices [15, 28, 29] or anxiety
and tension regarding the unfamiliar test format [30]
may contribute to longer test durations and poorer per-
formance. These findings emphasize the need to consider
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the impact of the digital test format when designing and
implementing digital assessments. Addressing opera-
tional and psychological challenges faced by older adults
through strategies like enhanced guidance, optimized
interfaces, and tailored procedures is essential to reduce
anxiety, improve user experience, and ensure reliable
results [31, 32].

Limitations of the study and future work

This study has several limitations. Firstly, the relatively
small sample size may restrict the generalizability of the
findings, particularly in populations with diverse educa-
tional or digital literacy backgrounds. Secondly, usabil-
ity assessments relied on participants’ self-reports data,
which may be subject to social desirability. Third, due
to questionnaire and technical limitations, the eMMSE
and eCDT did not feature automated scoring or intelli-
gent algorithms. Test administrators were still required
to manually score the tests, which may have introduced
some degree of subjective biases. Fourth, although a
two-week washout period was implemented to mitigate
potential carryover effects in the crossover design, the
possibility of residual period effects cannot be entirely
excluded. Fifth, While MMSE and CDT are commonly
employed as reference standards for evaluating criterion
validity in cognitive assessments, both tools have known
psychometric limitations. Their limited sensitivity, par-
ticularly in detecting early cognitive impairment, may
introduce reference standard bias and affect the accu-
racy of validity estimates. Finally, neurological diagnoses
were conducted only for screen-positive participants and
approximately 10% of screen-negative individuals, which
may have introduced verification bias and potentially
inflated the estimates of sensitivity and specificity.

Future research should consider larger and more
diverse samples to enhance external validity. Additionally,
the integration of advanced digital technologies—such
as artificial intelligence and machine learning—should
be prioritized to develop intelligent, automated scoring
systems. Incorporating features like real-time response
tracking, reaction time analysis, and eye movement
monitoring could enhance the objectivity, sensitivity, and
diagnostic accuracy of digital assessments.

Conclusion

In conclusion, digital cognitive tests are valid and fea-
sible in PHC settings, demonstrating outstanding per-
formance in both validity and users’ subjective attitudes
toward usability. However, several challenges still need to
be overcome during the promotion process, particularly
regarding users’ preference for paper-based tests and
the technological adaptability issues faced by individu-
als with lower education levels. By enhancing training
and optimizing technical support, digital cognitive tests

(2025) 22:132
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are expected to become efficient and scalable cognitive
screening tools in PHC, especially in resource-limited
settings where they hold significant application potential.

Abbreviations
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MMSE Mini-Mental State Examination
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